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MODULAR ELECTROMECHANICAL
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This patent application claims priority to and the
benefit of U.S. Provisional Patent Application No. 62/281,
158 filed on Jan. 20, 2016, which is incorporated by refer-
ence in its entirety.

TECHNICAL FIELD

[0002] The embodiments described herein relate to modu-
lar electromechanical devices, more specifically to electro-
mechanical devices having their functions defined by the
combination of modules attached to a chassis.

BACKGROUND

[0003] Conventional consumer electronics have a short
life cycle. Consumers purchase consumer electronics that
utilize cutting edge technology only to find that their elec-
tronics are outdated in the near future. The consumer elec-
tronics are then thrown away and replaced with the latest
version of the electronics and the life cycle of the electronics
repeats.

[0004] Typically, the hardware components included in
the consumer electronics that are considered “outdated” are
still useable. However, the hardware components can no
longer be re-used since consumer electronics are designed as
closed systems. From a consumer prospective, the life cycle
of conventional consumer electronics is expensive and
wasteful.

SUMMARY

[0005] The embodiments herein describe a modular elec-
tromechanical device. The modular electromechanical
device includes a chassis and a plurality of functional
modules that can be connected to the chassis. Each module
is associated with a different functionality. The functionality
of the modular electromechanical device is defined based on
the functionality of the different functional modules that are
connected to the electromechanical device. Thus, a user can
change the functionality of the modular electromechanical
device based upon which functional modules the user
chooses to connect to the chassis.

[0006] In one embodiment an electromechanical device
comprises: a processor module comprising: a processor
circuit, a memory circuit connected to the processor circuit,
and an interfacing circuit connected to the processor circuit.
The electromechanical device also comprises a chassis
including: a first attachment structure configured to attach
the processor module to the chassis, one or more second
attachment structures, each of the one or more second
attachment structures configured to attach one of a plurality
of functional modules to the chassis, each of the plurality of
functional modules associated with a discrete functionality,
and a plurality of traces extending between the first attach-
ment structure and the one or more second attachment
structures to operatively connect the interfacing circuit of
the processor module with one or more functional modules
attached to the one or more second attachment structures,
wherein a function to be performed by the electromechanical
device defined by at least one or more functional modules
attached to the one or more second attachment structures.
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[0007] In one embodiment, the chassis is a unitary struc-
ture formed from a three-dimensional (3D) printing process
to include the first attachment structure, the one or more
second attachment structures, and the plurality of traces.
[0008] Inoneembodiment, the first attachment structure is
a first cavity extending into a body of the chassis and having
at least a subset of the plurality of traces exposed from a wall
defining the first cavity, and each of the one or more second
attachment structures is a second cavity having at least a
subset of the plurality of traces extending into the body of
the chassis and having at least a subset of the plurality of
traces exposed from a wall defining the second cavity.
[0009] In one embodiment, at least a subset of second
cavities have a same size and shape.

[0010] In one embodiment, at least two of the one or more
second attachment structures are sized and shaped differ-
ently to attach one group of functional modules but not
another group of functional modules.

[0011] In one embodiment, each of the one or more second
attachment structures includes an alignment structure to
secure a corresponding functional module.

[0012] In one embodiment, the plurality of functional
modules comprise at least one of a speaker functional
module, a microphone functional module, a touch pad
functional module, a global positioning system (GPS) func-
tional module, a display screen functional module, or a
thermometer functional module.

[0013] In one embodiment, the processor module is con-
figured to determine the function to be performed by the
electromechanical device by identifying functions per-
formed by the functional modules attached to the chassis.
[0014] In one embodiment, the processor module is con-
figured to determine the function to be performed by the
electromechanical device based further on an impedance of
an interfacing connection of a functional module attached to
the chassis.

[0015] In one embodiment, the processor module further
determines the function to be performed by the electrome-
chanical device based on a sequence in which the one or
more functional modules are attached to the chassis.
[0016] In one embodiment, the processor module further
determines the function to be performed by the electrome-
chanical device based on which of the one or more second
attachment structures are used to attach the one or more
functional modules.

[0017] In one embodiment, the electromechanical device
performs a first function responsive to attaching a functional
module to one of the second attachment structures, and the
electromechanical device performs a second function
responsive to attaching the same functional module to
another of the second attachment structures.

[0018] In one embodiment, the processor module further
determines the function to be performed by the electrome-
chanical device based on a pattern formed by the plurality of
traces in the chassis.

[0019] In one embodiment, the processor module deter-
mines that a first function is to be performed by the elec-
tromechanical device responsive to a set of functional mod-
ules connected through the plurality of trace wires of a first
pattern, and wherein the processor module determines that a
second function is to be performed by the electromechanical
device responsive to the same set of functional modules
connected through the plurality of trace wires of a second
pattern.
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[0020] In one embodiment, the processor module is fur-
ther configured to determine a user of the electromechanical
device based on the pattern formed by the plurality of trace
wires in the chassis.

[0021] In one embodiment, the processor module com-
prises a plurality of configurable actuators each of which are
configured to be set to an off state or an on state, and wherein
the processor module determines the function to be per-
formed by the electromechanical device based further on the
off state or the on state of each of the plurality of configu-
rable actuators.

[0022] In one embodiment, the processor module deter-
mines that the electromechanical device is to perform a first
function responsive to attaching a set of functional modules
to the chassis and setting a state of the plurality of configu-
rable actuators to a first pattern, and wherein the processor
module determines that the electromechanical device is to
perform a second function when the same set of functional
modules are housed within the chassis and setting the state
of the plurality of configurable actuators to a second pattern.
[0023] In one embodiment, the processor module is con-
figured to: transmit, over a network, a request for software
to a server responsive to detecting the one or more functional
modules attached to the chassis; receive the requested soft-
ware from the server responsive to transmitting the request;
load the received software; and operate the electromechani-
cal device according to the loaded software.

[0024] In one embodiment, the requested software corre-
sponds to the function to be performed by the electrome-
chanical device as determined by the processor module
based on the one or more functions attached to the chassis.
[0025] In one embodiment, a method is provided for
configuring an electromechanical device. The method com-
prises: attaching a processor module to a first attachment
structure of a chassis, the processor module comprising a
processor circuit, a memory circuit connected to the proces-
sor circuit, and an interfacing circuit connected to the
processor circuit; attaching each of one or more functional
modules to each of one or more second attachment struc-
tures of the chassis, each of the one or more of functional
modules associated with a discrete functionality; and opera-
tively connecting the interfacing circuit of the processor
module with the one or more functional modules attached to
the one or more second attachment structures by a plurality
of traces electrically extending between the first attachment
structure and the one or more second attachment structures,
a function to be performed by the electromechanical device
defined by at least the one or more functional modules
attached to the one or more second attachment structures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] Figure (FIG.) 1 illustrates an overview of a modu-
lar electromechanical device according to one embodiment.
[0027] FIG. 2 illustrates an isometric view of a chassis of
the modular electromechanical device according to one
embodiment.

[0028] FIG. 3 illustrates traces formed within the chassis,
according to one embodiment.

[0029] FIGS. 4A, 4B, and 4C illustrate examples modules
of the modular electromechanical device, according to one
embodiment.

[0030] FIG. 4D is a block diagram illustrating a processor
module, according to one embodiment.
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[0031] FIG. 5 illustrates different chassis including dis-
tinct patterns of traces formed within the chassis, according
to one embodiment.

[0032] FIG. 6 illustrates a block diagram of an environ-
ment for defining the modular electromechanical device,
according to one embodiment

[0033] FIG. 7 illustrates a method of the electromechani-
cal device for obtaining software for operating the device,
according to one embodiment.

[0034] The figures depict, and the detail description
describes, various non-limiting embodiments for purposes
of illustration only.

DETAILED DESCRIPTION

[0035] Various embodiments of a modular electrome-
chanical device are described herein. The modular electro-
mechanical device includes a chassis and a plurality of
functional modules that can be connected to the chassis.
Each module is associated with a different functionality. The
functionality of the modular electromechanical device is
defined based on various attributes. The attributes include
the functionality of the different functional modules that are
connected to the electromechanical device, the sequence in
which the different functional modules are connected to the
electromechanical device, the specific attachment structures
used to attach the functional modules to the electromechani-
cal device, or a pattern of traces formed within the chassis.
[0036] A “function” or “functionality” of a functional
module, as described herein, is of a finer granularity that is
generally perceived by a user as being insufficient function
or functionality to constitute a stand-alone device. That is, a
single functional module is generally not perceived by a user
as providing sufficient function in itself to constitute a
stand-alone device.

[0037] A “function” or “functionality” of the electrome-
chanical device, as described herein, refers to function of a
larger granularity that is generally perceived by a user as
sufficient to constitute a stand-along device. The “function”
or “functionality” of the electromechanical device is of
larger granularity than the “function” of a functional mod-
ule. For example, a function of a speaker functional module
(a functional module) would be to generate sound when an
electrical signal is received whereas a function of an Internet
radio device (an electromechanical device that includes the
speaker functional module) is to reproduce music received
over Internet.

Structure of the Modular Electromechanical Device

[0038] FIG. 1 and the other figures use like reference
numerals to identify like elements. A letter after a reference
numeral, such as “102A,” indicates that the text refers
specifically to the element having that particular reference
numeral. A reference numeral in the text without a following
letter, such as “102,” refers to any or all of the elements in
the figures bearing that reference numeral.

[0039] FIG. 1 illustrates an overview of a modular elec-
tromechanical device 100 (hereinafter referred to as a
“device”) according to one embodiment. The device 100 can
be configured into a plurality of different types of devices
that each have a distinct functionality based upon the
modules that are connected to the device 100. For example,
the device 100 can be initially configured as a speaker device
and then later reconfigured into a global positioning system
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(GPS) device. Thus, the device can provide a user with a
multitude of different functionality based upon the modules
connected to the device 100.

[0040] In one embodiment, the device 100 includes a
chassis 101 that is configured to connect to a plurality of
different modules 103, 105 as shown in FIG. 1. The chassis
101 functions as a structure that electrically connects
together the different modules 103, 105 that are attached to
the chassis 101.

[0041] FIG. 2 illustrates one embodiment of a chassis 101.
As shown in FIG. 2, the chassis 101 is rectangular in shape.
However, the chassis 101 can be formed into any shape such
as a square shape, a triangle shape, an oblong shape, or any
other shape.

[0042] Generally, the chassis 101 includes a plurality of
attachment structures. Each attachment structure is config-
ured to attach a single module 103, 105 to the chassis 101.
In one embodiment, the plurality of attachment structures
are cavities formed within the chassis as shown in FIG. 2.
FIG. 2 illustrates one embodiment of a chassis 101 that
includes a first cavity 201A and a second cavity 201B. While
only two cavities are shown in FIG. 2, the chassis 101 can
have any number of cavities formed within the chassis.
[0043] Generally, each cavity is a hollow space formed
within the chassis and the shape and size of the cavity is
defined by a plurality of walls that define the cavity. In other
words, each cavity extends into a body of the chassis 101.
Other properties of the cavity may include connection to
particular traces that function as sensors or components
within the cavity. Cavities are typically formed only partially
through a thickness of the chassis 101. However, a cavity
can also be formed through the entire thickness of the
chassis 101. In one embodiment, the shape and size of the
different cavities formed within the chassis 101 are the same.
When the shape and size of the cavities are the same, any
module 103, 105 can be inserted into any cavity formed
within the chassis 101. Thus, all of the modules 103, 105
have the same shape and size so that any module 103, 105
can fit into any of the cavities formed within the chassis 101.
The cavities can be square shaped, circular shaped, triangu-
lar shaped, or any other shape.

[0044] Alternatively, the shape and/or size of the cavities
formed within the chassis 101 are different. For example, in
FIG. 2 cavity 201A is larger than cavity 201B although
cavity 201A and cavity 20B are both square shaped. When
the cavities included in the chassis 101 have a different
shape and/or size, each cavity may only be configured to
house particular modules that have a shape and size that
match the shape and size of that particular cavity. The shape
and size of the cavity can also enhance the functionality of
the module 103, 105 connected to the chassis 101. For
example, a cavity may include a speaker resonance chamber
to enhance the functionality of a speaker module that is
connected to the chassis. Other functional characteristics of
the cavity can act to enhance the properties of the cavity than
those described herein.

[0045] In one embodiment, the chassis 101 is also formed
to include a plurality of alignment structures that align each
module 103, 105 for connection to the chassis 101. That is,
each cavity includes a plurality of structures for aligning a
module 103, 105 for connection to the cavity associated with
the plurality of alignment structures. In particular, the plu-
rality of alignment structures for a corresponding cavity
align a module into the cavity such that an electrical con-
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nector of the module can be inserted into an electrical
connector located within the cavity. Details of the electrical
connector are described below. An example of an alignment
feature is a slot formed within the chassis 101.

[0046] The alignment structures for each cavity may be
formed around the cavity at a predetermined spacing. For
example, the alignment structures can be formed at corners
of a square cavity. The alignment structures may also be
formed only partway through a thickness of the chassis 101.
For example, FIG. 2 illustrates that cavity 201A includes
alignment structures 203 A for aligning a module 103, 105 to
connect the module’s electrical connector to an electrical
connector located within the cavity 201A. Similarly, cavity
201B includes alignment structures 203B for aligning a
module 103, 105 to connect to connect the module’s elec-
trical connector to an electrical connector located within the
cavity 201B.

[0047] In one embodiment, the chassis 101 is also formed
to include a plurality of traces. The traces formed within the
chassis 101 communicatively connect together modules 103,
105 that are connected to the chassis 101 in one embodi-
ment. The traces may route power and/or signals to the
different modules 103, 105 that are connected to the chassis
101. In another embodiment, the traces can also function as
a sensor or actuator structure.

[0048] Inoneembodiment a trace is a conductive structure
such as a wire. The trace can be made of conductive material
such as metal (e.g., copper or gold) or non-metallic materials
(e.g., silicone, epoxy resign, or an organic conductive mate-
rial). In one embodiment, a trace is made of a non-conduc-
tive material. For example, a trace may be made of a
translucent resin that is injected into the chassis 101. The
translucent resin may solidify and creates a wave guide for
light that allows information to be transmitted through light
pulses like an optical fiber. A trace may also be formed of a
piezo electric material.

[0049] FIG. 3 illustrates a plan view of the chassis shown
in FIG. 2 that depicts the traces 301 formed in the chassis.
The trace may also include pads, interconnects, or any other
structure needed for electrically connecting together differ-
ent modules.

[0050] In one embodiment, the traces can be formed
within the chassis 101 in different patterns. A pattern of the
traces describes the layout of the traces within the chassis
101. The chassis 101 can be formed to include a plurality of
different patterns of traces where each unique pattern of
trace is associated with a specific device type. As will be
further described below, the functionality of the device 100
can be based upon the pattern of the traces formed within the
chassis 101.

[0051] The traces included in the chassis 101 terminate
into electrical connectors (e.g., interfacing connections) that
are formed into the chassis 101. Each electrical connector is
formed within the chassis and is located on a wall of a
corresponding one of the attachment structures formed
within the chassis 101. That is, each attachment structure
includes an associated electrical connector. The electrical
connector may be a male or female type connector. An
electrical connector formed within the chassis 101 is con-
nected to a corresponding electrical connector included in a
module 103, 105 when the module 103, 105 is connected to
one of the attachment structures of the chassis 101. Thus, the
electrical connectors included in the modules 103, 105 and
the electrical connectors formed in the chassis 101 are used
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to electrically connect the modules to the chassis 101.
Referring to FIG. 2, cavity 201 A includes connector 205. An
electrical connector included in a module 103, 105 is
plugged into the connector 205 of the cavity in order to
electrically connect the module 103, 105 to the chassis 101.
Although not shown in FIG. 2, cavity 201B also includes an
electrical connector formed within the cavity 201B.

[0052] In one embodiment, the chassis 101 is formed of a
unitary structure. The chassis 101 can be made of any
material such as a polymer, a ceramic, an organic material,
a composite material, or metal. The chassis 101 is formed
through a three-dimensional (3D) printing process, in one
embodiment. The 3D printing process includes additive and
subtractive processes to integrate the various structural
features of the chassis 101 and traces described above into
the chassis 101. An example of a manufacturing process that
can be used to create the chassis 101 with traces using a 3D
printing process is described in U.S. patent application Ser.
No. 14/921,868, filed on October 23, 2015 which is incor-
porated by reference in its entirety.

[0053] Referring back to FIG. 1, a plurality of modules
103, 105 can be connected to the chassis 101. In one
embodiment, a module is a discrete physical component that
can be connected to the chassis 101. The modules are
classified as either a functional module 105 or a processor
module 103. The structure of the processor module 103 is
described below in detail with reference to FIG. 4D. Typi-
cally, a device 100 includes a single processor module 103
and at least one functional module 105 connected to the
device 100. However, any number of processor modules 103
and functional modules 105 can be connected to the chassis
101 depending on the design of the chassis 101. For
example, in FIG. 1, the device 100 illustrates two functional
modules 105A, 105B and a single processor module 103
connected to the chassis 101.

[0054] In one embodiment, a functional module 105 per-
forms a function. That is, each functional module 105 is
associated with a corresponding functionality. In one
embodiment, each functional module 105 is associated with
a single functionality. Generally, the functionality of the
device 100 is defined based on the functionality of the
functional module(s) 105 that is connected to the chassis
101.

[0055] A functional module 105 may be associated with
any type of functionality that describes the individual capa-
bility of the functional module 105. For example, a func-
tional module 105 can be a speaker functional module 107A
that outputs sound. FIG. 4A is one embodiment of a speaker
functional module 107A. The speaker functional module
107A includes at least coils, magnets, and a speaker cone
that are housed within frame. The various components
included in the speaker functional module 107A allow the
speaker to output sound.

[0056] Referring back to FIG. 1, a functional module 105
may be a microphone 107B for converting sounds into an
electrical signal, a touch pad 107C for sensing touch of the
device 100, a GPS system 107D that provides geo-location
information, a display screen 107E for displaying images, or
a thermometer 107D for providing temperature information.
Other types of functional modules 105 may be incorporated
into the device 100 other than those described above.
[0057] A processor module 103 functions as the central
processing unit for the device 100. In one embodiment, the
processor module 103 determines the functionality of the
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device 100 based at least in part on the functional module(s)
105 that are connected to the chassis 101. That is, the
processor module 103 determines the device type of the
device 100 based upon the functional module(s) 105 that are
connected to the chassis 101 and the device type determines
the function performed by the device 100. FIG. 4B illus-
trates one example of a processor module 103.

[0058] FIG. 4C illustrates a basic embodiment of the
device 100 that includes a single processor module 103 and
a single functional module connected to the chassis 101. In
the example shown in FIG. 4C, a speaker functional module
107A and the processor module 103 are connected to the
chassis 101. In one example, the device 100 has the func-
tionality of a speaker based on speaker functional module
107 being connected to the chassis 101. However, the
functionality of the device 100 can be based criteria other
than merely the functionality of the functional module(s)
105 that are connected to the chassis 101.

[0059] FIG. 4D is a block diagram illustrating a detailed
view of the processor module 103 according to one embodi-
ment. As shown in FIG. 4D, the processor module 103
includes a processor circuit 401, a memory circuit 403, and
an interfacing circuit 405. While only three circuits are
included in the processor module 103 as shown in FIG. 4D,
any number of circuits may be included in the processor
module 103.

[0060] In one embodiment, the processor circuit 401 can
be a single computer processor or may be architectures
employing multiple computer processor designs for
increased computing capability. In particular, the processor
circuit 401 may be a general-purpose or embedded processor
using any of a variety of instruction set architectures (ISAs),
such as the x86, PowerPC, SPARC, RISC, ARM or MIPS
ISAs, or any other suitable ISA.

[0061] In one embodiment, the memory circuit 404 stores
instructions for execution by the processor module 103. For
example, the memory circuit 404 stores the various rules for
determining the device type of the device 100 as will be
described below. The memory circuit 404 may be embodied
as any type of memory including, for example, dynamic
random access memory (DRAM), synchronous DRAM
(SDRAM), double data rate (DDR, DDR2, DDR3, etc.)
RAMBUS DRAM (RDRAM), static RAM (SRAM) or a
combination thereof.

[0062] The memory circuit 403 may store, among other
information, a rule set 407 and device information 409. The
rule set 407 and the device information 409 collectively
form software for determining the device type of the device
100 and for operating the device 100 according to its
determined device type. Specifically, the rule set 407 defines
the type and function of the device 100 based on, for
example, (i) the sequence in which the functional modules
are attached to the attachment structures, (ii) the combina-
tion of functional modules attached to the attachment struc-
tures, (iii) the impedance of one or more connectors of the
functional modules, and (iv) the pattern of traces in the
chassis. After the type and function of the device 100 are
determined, the device information 409 for the determined
device type is executed by the processor module 103 to
coordinate operations between the functional modules 105
and the processor module 103.

[0063] In one embodiment, the interfacing circuit 405 is
an interface that connects the processor module 103 to the
traces included in the chassis 101. The interfacing circuit
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enables the processor module 103 to communicate with the
functional modules 105 that are connected to the chassis
101.

Methods for Determining Device Type

[0064] As mentioned above, the processor module 103
determines the device type of the device 100 based on the
functionality of the functional modules 105 that are con-
nected to the chassis 101. When the device 100 is turned on,
the processor module 103 detects which functional modules
105 are connected to the chassis 101. The processor module
103 may detect which functional modules 105 are connected
to the chassis 101 by communicating with the functional
modules 105 via the plurality of traces that electrically
connect together the processor module 103 and the func-
tional modules 105. The processor module 103 may receive
an identifier from each functionality module 105 that is
connected to the chassis 101. Each identifier may be indica-
tive of the specific type of functional module 105 that is
associated with the identifier. For example, the identifier
may indicate that the functional module 105 is a speaker or
a display screen.

[0065] In another embodiment, the processor module 103
determines the functional modules 105 connected to the
chassis 101 based on an impedance (e.g., resistance) of each
functional module 105 connected to the chassis 101. In
particular, each type of functional module 105 has a unique
impedance at the connector of the functional module 105.
The unique impedance for each of the different types of
functional modules 105 functions as an identifier for the
functional module 105. In one embodiment, the processor
module 103 detects the functional modules 105 that are
connected to the chassis 101 by measuring the impedance at
the connector of each functional module 105 that is con-
nected to the chassis 101 using known techniques for
measuring impedance of circuits.

[0066] In one embodiment, the type of device that the
device 100 becomes is based upon a sequence (e.g., an
order) that the functional modules 105 are connected to the
chassis 101 in addition to the specific functional modules
105 connected to the chassis 101. The processor module 103
may store a plurality of sequence rules that describe the
device type of the device based upon different sequences in
which functional modules 105 are connected to the chassis
101. Each sequence rule describes a specific sequence for
connecting a particular set of functional modules 105 to the
chassis 101 and the specific device type associated with the
sequence. As functional modules 105 are connected to the
chassis 101, the processor module 103 logs the sequence that
the functional modules 105 are connected to the chassis 101.
After a threshold amount of time has elapsed since the last
functional module 105 is connected to the chassis (e.g., 10
seconds), the processor module 103 compares the logged
sequence to the sequence rules. The processor module 103
identifies a sequence rule that matches the logged sequence
and determines the device type of the device 100 based on
the device type associated with the identified sequence rule.
[0067] Forexample, consider the scenario where a speaker
functional module 107A and a microphone functional mod-
ule 107B will be plugged into chassis 101. The device type
of device 100 is dependent on the sequence in which the
speaker functional module 107A and the microphone func-
tional module 107B are connected to the chassis 101. For
example, if the speaker functional module 107A is first
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connected to the chassis 101 followed by the microphone
functional module 107B, the processor module 103 may
determine that the device 100 is a karaoke device based on
the sequence rules. However, if the microphone functional
module 107B is first connected to the chassis 101 followed
by the speaker functional module 107A, the processor
module 107B may determine that the device 100 is a
telephone device based the sequence rules. Thus, the order
in which functional modules 105 are connected to the
chassis affects the device type of the device 100.

[0068] Inone embodiment, the resulting device type of the
device 100 is based upon the attachment structures in the
chassis 101 that are used to connect functional modules 105
to the chassis. That is, device 100 can become a different
type of device based upon which attachment structures are
used to connect to the functional modules 105 to the chassis
101. In one embodiment, the processor module 103 stores a
plurality of attachment structure rules that describe the type
of device the device 100 will become based upon which
attachment structures are used to connect the functional
modules 105 to the chassis 101.

[0069] Forexample, consider the scenario where a speaker
functional module 107A and a microphone functional mod-
ule 107B will be plugged into the chassis 101 that includes
attachment structure A and attachment structure B. The
device type of device 100 will is dependent on which
attachment structures are used to connect to the speaker
functional module 107A and the microphone functionality
module 107B. For example, if the speaker functional module
107A is connected to the chassis 101 using attachment
structure A and the microphone functional module 107B is
connected to the chassis 101 using attachment structure B,
the processor module 103 may determine that the device 100
is a karaoke device based on the attachment structure rules.
However, if the microphone functional module 107B is
connected to the chassis 101 using attachment structure A
and the speaker functional module 107A is connected to
attachment structure B, the processor module 107B may
determine that the device 100 is a telephone device based the
attachment structure rules. Thus, although the same func-
tional modules 105 are attached to the chassis 101, the
device type of device 100 changes based on which attach-
ment structures are used to connect to the functional mod-
ules.

[0070] In one embodiment, the processor module 103
determines the device type of a device 100 based on the
specific combination of functional modules connected to the
chassis 101. The processor module 103 may store a set of
combination rules describing the resulting device type of the
device 100 based upon different combinations of functional
modules 105 connected to the chassis 101. After detecting
the functional modules 105 that are connected to the chassis
101, the processor module 103 compares the detected com-
bination of functional modules 105 connected to the chassis
with the set of combination rules. The processor module 103
determines the device type of the device 100 based on the
comparison.

[0071] For example, if the processor module 103 deter-
mines that a GPS system functional module 107D is con-
nected to the chassis, the processor module 103 may deter-
mine that the device 100 is a hiking tracker that tracks a
user’s position along various hiking trails based on the set of
combination rules. In another embodiment, if the processor
module 103 determines that a speaker functional module
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107A and microphone functional module 107A are con-
nected to the chassis 101, the processor module 103 deter-
mines that the device 100 is a telephone device based on the
combination rules. Thus, the combination of different func-
tional modules affects the device type of device 100.
[0072] In one embodiment, the processor module 103
determines the device type of a device 100 according to a
pattern of the traces formed within the chassis 101 of the
device 100. As mentioned above, the chassis 101 can be
formed to include a plurality of different patterns of traces
where each unique pattern of trace is associated with a
specific device type. The device type of a device 100 is
based upon the pattern of traces formed in the chassis 101
and the specific functionality modules 105 connected to the
chassis 101. That is, if the same functional modules 105 are
connected to two different chassis that incorporate different
patterns of traces, the device types associated with the
different chassis are different since the chassis have different
patterns of traces.

[0073] For example, FIG. 5 illustrates two chassis that
have different patterns of traces according to one embodi-
ment. As shown in FIG. 5, chassis 501 and chassis 503 both
have a processor module 103, a speaker functional module
107A, and a microphone functional module 107B connected
to the attachment structures of chassis 501 and chassis 503.
However, chassis 501 and chassis 503 have different pat-
terns of traces formed within the chassis.

[0074] For example, the pattern of traces included in
chassis 501 comprises a first trace 505 that connects the
processor module 103 to the speaker functional module
107A. The pattern of traces included in chassis 501 also
includes a second trace 507 that connects together the
speaker functional module 107A and the microphone mod-
ule 107B. Lastly, the pattern of traces included in chassis
501 includes a third trace 509 that connects together the
processor module 103 and the microphone functional mod-
ule 107B. The pattern of traces included in chassis 503 also
includes the first trace 505 and the second trace 507 as
described above with respect to chassis 501. However, the
pattern of traces included in chassis 503 lacks the third trace.
Thus, chassis 501 and chassis 503 have a different pattern of
traces.

[0075] In this example, the processor module 103 deter-
mines that the device including chassis 501 is a karaoke
device whereas the device including chassis 503 is a tele-
phone device based on the different pattern of traces
included in the different chassis. Although both chassis 501
and chassis 503 have the same functional modules 103
connected to the chassis, the processor module 103 deter-
mines different device types for the devices based on the
pattern of traces formed within chassis 501 and chassis 503.
[0076] In one embodiment, each chassis may include a
radio frequency identifier (RFID) tag that indicates an
identifier of the pattern of traces formed within the chassis.
The processor module 103 may receive the identifier of the
pattern of traces formed within the chassis when the pro-
cessor module 103 is connected to the chassis. The processor
module 103 may access stored device type rules that are
unique to different chassis that each have a unique pattern of
traces. The device type rules describe the type of device that
the device will become based upon the type of functionality
module(s) 105 that are connected to the chassis. After
determining the functional modules 105 that are connected
to the chassis, the processor module 103 accesses the device
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type rules that are unique to the chassis to determine the
device type of the device according to the functional mod-
ules 105 that are connected to the chassis.

[0077] In one embodiment, the pattern of traces that is
formed within a chassis is also unique to a user associated
with the chassis. Thus, the pattern of traces identifies a user
that is associated with the chassis as well as define the type
of device that a device will become based upon the type of
functional module(s) 105 that are connected to the chassis as
described above. In one embodiment, the RFID tag included
in the chassis 101 may also provide an indication of the user
that is associated with the chassis.

[0078] In yet another embodiment, the processor module
103 includes a plurality of configurable actuators that can be
switched between different states such as an on state and an
off state. The user can set the state of the configurable
actuators to define the resulting device type of the device
100 after functional modules 105 are connected to the
chassis 101. For example, the actuators included in the
processor module 103 can be set to a first pattern so that the
device becomes a karaoke device when a speaker functional
module 107A and a microphone functional module 107B are
connected to the chassis 101. Alternatively, the actuators
included in processor module 103 can be set to a second
pattern so that the device 100 becomes a telephone device
when the speaker functional module 107A and the micro-
phone functional module 107B are connected to the chassis
101.

[0079] In yet another embodiment, the processor module
103 determines the device type of the device 100 based on
the geometry of the chassis 101 itself. For example, a first
device and a second device may have the same type of
functional module(s) (e.g., a speaker module) connected to
the first device and the second device. However, the first
device and second device may have chassis with different
geometries.

[0080] The processor module 103 may determine different
device types for the first device and the second device based
on the chassis geometries of the first device and the second
device. For example, the first device may have a rectangular
shaped chassis whereas the second device may have a
circular shaped chassis. The processor module 103 may
determine that the first device with the rectangular shaped
chassis is a telephone device based on the square shape of
the chassis and the second device with the circular shaped
chassis is a karaoke device based on the circular shaped
chassis.

[0081] Once the processor module 103 has detected the
functional modules 105 that are connected to the chassis 101
and determined the device type of the device 100, the
processor module 103 loads software for operating the
functional modules 105 according to the determined device
type. The software allows the device 100 to perform the
function associated with the determined device type. In one
embodiment, the processor module 103 includes the neces-
sary software for operating the functional modules 105
according to the determined device type. In another embodi-
ment, the processor module 103 fetches the software for
operating the functional modules 105 from a definition
server 100 as described below.

Operating Environment of the Device

[0082] FIG. 6 is a block diagram of an environment 600
for defining the device 100 according to one embodiment.
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Environment 600 includes device 100 that comprises a
processor module 103 and at least one functional module
105. The device 100 is connected to a definition server 601
via a network 603. Generally, the definition server 601 stores
definitions of the functionality of devices and the design of
chassis as will be described below. Although environment
600 shown in FIG. 6 includes only a single device 100, the
environment 600 can include any number of devices 100
(e.g., millions of devices 100).

[0083] Network 603 enables communication among the
entities connected to it. In one embodiment, network 603 is
the Internet and uses standard communications technologies
and/or protocols. Thus, network 603 can include links using
technologies such as Ethernet, 802.11 (WiFi), worldwide
interoperability for microwave access (WiMAX), 3G, Long
Term Evolution (LTE), digital subscriber line (DSL), asyn-
chronous transfer mode (ATM), InfiniBand, etc. Similarly,
the networking protocols used on network 603 can include
multiprotocol label switching (MPLS), the transmission
control protocol/Internet protocol (TCP/IP), the User Data-
gram Protocol (UDP), the hypertext transport protocol
(HTTP), the simple mail transfer protocol (SMTP), the file
transfer protocol (FTP), etc. The data exchanged over the
network 603 can be represented using technologies and/or
formats including the hypertext markup language (HTML),
the extensible markup language (XML), etc. In addition, all
or some of links can be encrypted using conventional
encryption technologies such as the secure sockets layer
(SSL), transport layer security (TLS), virtual private net-
works (VPNs), Internet Protocol security (IPsec), etc. In one
embodiment, network 603 may include but is not limited to
any combination of a local area network (LAN), a metro-
politan area network (MAN), and a wide area network
(WAN). In another embodiment, the entities use custom
and/or dedicated data communications technologies instead
of, or in addition to, the ones described above.

[0084] In one embodiment, the processor module 103
communicates with the definition server 601 to obtain the
software required to operate the detected functional module
(s) 105 that are connected to the chassis 101 of the device
100. After determining the device type of the device 100, the
processor module 103 transmits a request to the definition
server 601 for the software associated with the determined
device type and the functional modules 105 connected to the
chassis 101.

[0085] As shown in FIG. 6, the definition server 601
includes a request module 605 that processes requests for
software. The request module 605 is computer program
logic utilized to provide the specified functionality. Thus, the
request module 605 can be implemented in hardware, firm-
ware, and/or software. In one embodiment, request module
605 is stored on a non-transitory storage device (i.e., a
computer program product), loaded into a memory, and
executed by one or more computer processors included in
the definition server 601. Additionally, those of skill in the
art will recognize that other embodiments of the definition
server 601 shown in FIG. 6 can have different and/or other
modules than the ones described here, and that the func-
tionalities can be distributed among the modules in a dif-
ferent manner.

[0086] In one embodiment, the request module 605
receives requests from the device 100 for the software
required to operate the detected functional module(s) 105
that are connected to the chassis 101 of the device 100. The
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request received by the request module 605 includes the
device type of the device 100 determined by the processor
module 103 and the functional module(s) 105 that are
connected to the chassis 101 of the device 100. The request
module 605 processes the request by retrieving the software
associated with the device type and the functional module(s)
105 specified in the request from a software database 607. In
one embodiment, the software database 607 stores different
software for operating a device according to all of the
different types of devices that a device can be configured
into based upon the functional modules 105 connected to the
device 100.

[0087] After the request module 605 has retrieved the
requested software, the request module 605 transmits the
software to the device 100. The processor module 103
executes the software received from the definition server
601 in order for the user to operate the device 100 according
to the determined device type.

[0088] FIG. 7 is an interaction diagram of a process for
obtaining software for a device 100 according to one
embodiment. The interaction diagram illustrates the steps
performed by the device 100 and the definition system 601
according to one embodiment.

[0089] In one embodiment, the device 100 detects 701 one
or more functional modules 105 connected to the chassis
101 of the device 100. For example, the device 100 may
detect that a speaker functional module 107A and a micro-
phone functional module 107B are connected to the chassis
101 of the device 100. The device 100 determines 703 the
device type of the device 100 based on the connected
functional module 105. The device 100 may also determine
the device type of the device based on other factors
described above such as the sequence in which different
functional modules 105 are connected to the chassis 101 or
the specific attachment structures used to connect the func-
tionality modules to the chassis 101.

[0090] The device 100 transmits 705 a request for soft-
ware to the definition server 601. The request includes the
determined device type of the device 100 and the functional
modules 105 detected by the device 100. The definition
server 601 receives the request and retrieves 707 the
requested software stored in the software database 607. The
definition server 601 transmits 709 the retrieved software
709 to the device 100. The device 100 loads 711 the received
software and provides 715 the functionality of the deter-
mined device type based on the loaded software 715. For
example, if the determined device type is a telephone device,
the device 100 provides telephone related functionality to
the user of the device.

[0091] Thus, the embodiments described herein describe a
modular electromechanical device. The functionality of the
modular electromechanical device can be changed by the
user based on various factors such as the functionality of the
different functional modules that are connected to the elec-
tromechanical device. Thus, a single device can be config-
ured in a multitude of different types of devices based upon
the functional modules that are connected to the device.
Furthermore, the life cycle of the electromechanical device
is extended as the user can purchase new functional modules
to replace outdated functional modules since the electrome-
chanical device is an open system that allows the user to
reuse the chassis 101 of the device.

[0092] Referring back to FIG. 6, in one embodiment a 3D
printer 609 is connected to the definition server 601 via the
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network 603. The 3D printer generates the chassis of the
device 100 using a 3D printing process as described above.
In one embodiment, the definition server 601 includes a
chassis database 611. The chassis database 611 includes
various chassis definition files. Each chassis definition file is
associated with a unique chassis and describes structural
features of the chassis. For example, a chassis definition file
for a chassis defines the size and shape of the associated
chassis as well as the size, shape, position, and number of the
attachment structures included in the chassis. Also, each
chassis definition file describes the pattern of the traces that
are included in the associated chassis.

[0093] A user of the 3D printer 609 loads a chassis
definition file retrieved from the chassis database 611 into
the 3D printer 609. The 3D printer 609 then creates the
chassis 101 of the device 100 using a 3D printing process.
[0094] Although this description has been provided in the
context of specific embodiments, those of skill in the art will
appreciate that many alternative embodiments may be
inferred from the teaching provided. Furthermore, within
this written description, the particular naming of the com-
ponents, capitalization of terms, the attributes, data struc-
tures, or any other structural or programming aspect is not
mandatory or significant unless otherwise noted, and the
mechanisms that implement the described invention or its
features may have different names, formats, or protocols.
[0095] Finally, it should be noted that the language used in
the specification has been principally selected for readability
and instructional purposes, and may not have been selected
to delineate or circumscribe the inventive subject matter.
Accordingly, the disclosure is intended to be illustrative, but
not limiting, of the scope of the invention.

What is claimed is:

1. An electromechanical device comprising:

a processor module comprising:

a processor circuit,

a memory circuit connected to the processor circuit,
and

an interfacing circuit connected to the processor circuit;
and

a chassis including:

a first attachment structure configured to attach the
processor module to the chassis,

one or more second attachment structures, each of the
one or more second attachment structures configured
to attach one of a plurality of functional modules to
the chassis, each of the plurality of functional mod-
ules associated with a discrete functionality, and

a plurality of traces extending between the first attach-
ment structure and the one or more second attach-
ment structures to operatively connect the interfac-
ing circuit of the processor module with one or more
functional modules attached to the one or more
second attachment structures, a function to be per-
formed by the electromechanical device defined by
at least one or more functional modules attached to
the one or more second attachment structures.

2. The electromechanical device of claim 1, wherein the
chassis is a unitary structure formed from a three-dimen-
sional (3D) printing process to include the first attachment
structure, the one or more second attachment structures, and
the plurality of traces.

3. The electromechanical device of claim 2, wherein the
first attachment structure is a first cavity extending into a
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body of the chassis and having at least a subset of the
plurality of traces exposed from a wall defining the first
cavity, and each of the one or more second attachment
structures is a second cavity having at least a subset of the
plurality of traces extending into the body of the chassis and
having at least a subset of the plurality of traces exposed
from a wall defining the second cavity.

4. The electromechanical device of claim 3, wherein at
least a subset of second cavities have a same size and shape.

5. The electromechanical device of claim 1, wherein at
least two of the one or more second attachment structures are
sized and shaped differently to attach one group of func-
tional modules but not another group of functional modules.

6. The electromechanical device of claim 1, wherein each
of the one or more second attachment structures includes an
alignment structure to secure a corresponding functional
module.

7. The electromechanical device of claim 1, wherein the
plurality of functional modules comprise at least one of a
speaker functional module, a microphone functional mod-
ule, a touch pad functional module, a global positioning
system (GPS) functional module, a display screen functional
module, or a thermometer functional module.

8. The electromechanical device of claim 1, wherein the
processor module is configured to determine the function to
be performed by the electromechanical device by identifying
functions performed by the functional modules attached to
the chassis.

9. The electromechanical device of claim 8, wherein the
processor module is configured to determine the function to
be performed by the electromechanical device based further
on an impedance of an interfacing connection of a functional
module attached to the chassis.

10. The electromechanical device of claim 8, wherein the
processor module further determines the function to be
performed by the electromechanical device based on a
sequence in which the one or more functional modules are
attached to the chassis.

11. The electromechanical device of claim 8, wherein the
processor module further determines the function to be
performed by the electromechanical device based on which
of the one or more second attachment structures are used to
attach the one or more functional modules.

12. The electromechanical device of claim 11, wherein the
electromechanical device performs a first function respon-
sive to attaching a functional module to one of the second
attachment structures, and the electromechanical device
performs a second function responsive to attaching the same
functional module to another of the second attachment
structures.

13. The electromechanical device of claim 8, wherein the
processor module further determines the function to be
performed by the electromechanical device based on a
pattern formed by the plurality of traces in the chassis.

14. The electromechanical device of claim 13, wherein
the processor module determines that a first function is to be
performed by the electromechanical device responsive to a
set of functional modules connected through the plurality of
trace wires of a first pattern, and wherein the processor
module determines that a second function is to be performed
by the electromechanical device responsive to the same set
of functional modules connected through the plurality of
trace wires of a second pattern.
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15. The electromechanical device of claim 13, wherein
the processor module is further configured to determine a
user of the electromechanical device based on the pattern
formed by the plurality of trace wires in the chassis.

16. The electromechanical device of claim 8, wherein the
processor module comprises a plurality of configurable
actuators each of which are configured to be set to an off
state or an on state, and wherein the processor module
determines the function to be performed by the electrome-
chanical device based further on the off state or the on state
of each of the plurality of configurable actuators.

17. The electromechanical device of claim 16, wherein
the processor module determines that the electromechanical
device is to perform a first function responsive to attaching
a set of functional modules to the chassis and setting a state
of the plurality of configurable actuators to a first pattern,
and wherein the processor module determines that the
electromechanical device is to perform a second function
when the same set of functional modules are housed within
the chassis and setting the state of the plurality of configu-
rable actuators to a second pattern.

18. The electromechanical device of claim 8, wherein the
processor module is configured to:

transmit, over a network, a request for software to a server

responsive to detecting the one or more functional
modules attached to the chassis;

receive the requested software from the server responsive

to transmitting the request;

load the received software; and
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operate the electromechanical device according to the

loaded software.
19. The electromechanical device of claim 18, wherein
the requested software corresponds to the function to be
performed by the electromechanical device as determined by
the processor module based on the one or more functions
attached to the chassis.
20. A method of configuring an electromechanical device,
the method comprising:
attaching a processor module to a first attachment struc-
ture of a chassis, the processor module comprising a
processor circuit, a memory circuit connected to the
processor circuit, and an interfacing circuit connected
to the processor circuit;
attaching each of one or more functional modules to each
of one or more second attachment structures of the
chassis, each of the one or more of functional modules
associated with a discrete functionality; and

operatively connecting the interfacing circuit of the pro-
cessor module with the one or more functional modules
attached to the one or more second attachment struc-
tures by a plurality of traces electrically extending
between the first attachment structure and the one or
more second attachment structures, a function to be
performed by the electromechanical device defined by
at least the one or more functional modules attached to
the one or more second attachment structures.
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